Hydrodynamic blade element momentum analysis of a novel vertical axis tidal turbine with complex spiral blade geometry is presented for design optimisation with respect to turbine power performance. An initial base case design is presented, and the design study examines the effects of rotor height-to-diameter ratio, chord length, blade profile, number of blades, and freestream tidal velocity for identification of the optimal design, with respect to peak power and tip-speed ratio. The streamtube model is validated against experimental data for a Sandia Darrieus wind turbine. The effect of scaling the turbine size is also examined. 
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INTRODUCTION
The development of new technologies for clean, reliable renewable energy is a key challenge for modern society. Tidal energy is an important renewable energy source with significant advantages over competing sources, including predictability and repeatability (Uihlein and Magagna, 2016) . This paper is concerned with establishing the optimum operating performance of a range of novel vertical axis tidal turbines for micro-hydro power through analytical modelling. The development of wind turbine technology is significantly more progressed in this area, leading to potential technology transfer opportunities for tidal turbine developers. Roberts et al. (2016) have recently assessed a number of state-of-the-art tidal turbines and identified key challenges faced by these emerging technologies.
Recent advancements in the industry include the development of curved spiraling blade geometries (Talukdar et al., 2015) for vertical axis and cross-flow turbines. One such innovative turbine design (Bri Toinne Teoranta, 2014 ) is considered in this paper. Numerous methods have been established for investigating the power performance of turbines including vortex models, by Strickland (1975) , and computational fluid dynamics (CFD) models, developed by Le et al. (2014) , for example. These methods have proven to provide accurate results but are computationally expensive.
Blade element momentum (BEM) modelling is a method that offers a computationally inexpensive means of analysing both wind and tidal turbines. For BEM theory, the rate of change in the momentum of the fluid is equated to the streamwise hydrodynamic forces on the hydrofoils. A number of BEM models have been developed over the years. Templin (1974) was the first to
